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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

AppHcant(s): L. DOEHRING ET AL. 

Serial No. : New Application 

Filed: December 14, 2001 

For: DISPOSAL OF RADIOACTIVE MATERIALS 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents December 14, 2001 

Washington, D.C. 20231 

SIR: 

The following amendments and remarks are submitted at the time of filing 
the apphcation. 

IN THE SPECIFICATION 

An Abstract of the Disclosure is submitted herewith on a separate sheet. It 
is requested that tiie Abstract be added to the application specification. 

Please replace the original specification witii the attached Substitute 
Specification. A marked-up copy of the Substitute specification with changes 



from the original shown by underlining for additions, and bracketing for 
deletions, is also enclosed. 



IN THE CLAIMS 

Please cancel claims 1-16 without prejudice or disclaimer and add the 
following new claims 17-39 therefor: 

17. Method for disposal of radioactive materials, conqjrising providing a 
binder/aggregate mixture for producing at least one of an embedding material, a 
mortar, and a casting resin, wherein the aggregate is partially substituted by at 
least one radioactive material to be disposed o^ and wherein the at least one 
radioactive material to be disposed of is nearly devoid of ultrafine components. 

18. Method according to claim 17, wherein the proportion of fines in the 
radioactive material having a grain size of < 250 pm amounts to less than 30% of 
the weight of the material to be disposed o£ 

19. Method according to claim 18, wherein the proportion of fines of < 
250 |Lmi is less than 15 wt.% of the material to be disposed of 



20. Method according to claim 17, wherein the mixture includes a 
hydrauUc binder. 

2 1 . Method according to claim 1 7, wherein the mixture con^rises a 
reaction resin as a binder. 

22. Method according to claim 17, wherein the at least one radioactive 
material is used as the aggregate in the mixture and partially replaces a filler in 
the mixture, and wherein the mixture further comprises a mortar or casting 
compound for embedding or encapsulating other materials to be disposed of in a 
receptacle or container. 

23 . Method according to claim 17, wherein the at least one radioactive 
material includes reactor graphite which is broken up into small pieces and 
wherein the mixture fijrther includes a hydrauhc binder and other additives as a 
mortar or casting conq)ound formulation for embedding or encapsulating other 
radioactive and/or toxic materials to be disposed of 

24. Method according to claim 17, wherein the at least one radioactive 

material includes radioactive reactor graphite which is wet-ground to a grain size 

3 



of < 60 mm and then is mixed together with at least one hydraulic binder for the 
production of a mortar or embedding compound formulation. 

25. Method according to claim 17, wherein the proportion of fines of < 
200 iim grain size of the material to be disposed of amounts to less than 20% by 
weight of the material to be disposed of 

26. Method according to claim 17, wherein the mixture fiirther con5)rises 
formulation additives for increasing the flowability, filling ratio, corrosion 
resistance, resistance to aging, resistance to leaching, and surface wettabihty of 
the at least one of the embeddiag material, mortar and casting resin produced by 
thermxture. 

27. Method according to claim 17, wherein the filling ratio of the at least 
one of the embedding material, mortar and casting resin produced by the mixture 
with radioactive material is higher than the filling ratio when conventional 
aggregates such as sand, gravel and/or additives such as clinoptilolith, micropoz, 
powdered limestone, quartz powder, and others in the mixture are not substituted 
for by the radioactive material. 



28. Method according to claim 17, wherein the nrixture includes sulfete- 
resistant and/or corrosion-resistant cement as a binder. 

29. Method according to claim 17, wherein the material to be disposed of 
is radioactive graphite to which a wetting agent has been added while crushing or 
grinding the graphite. 

30. Casting con^und containing as a binder recipe at least one hydraulic 

binder and as a filler at least ground and/or broken-up radioactive and/or toxic 
material with a fine component < 250 ^m grain size of the filler being less than 
30 wt.% based on the weight of the amount of filler. 

3 1 . Casting compound according to claim 30, wherein the at least one 
hydraulic binder is cement. 

32. Casting compound according to claim 30, wherein the at least one 
radioactive and/or toxic material includes radioactive reactor graphite. 
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33. Casting compound according to claim 32, wherein the fine component 
< 250 \an grain size is less tiian 10 wt.% based on the weight of the amount of 
filler. 

34. Casting containing radioactive materials to be disposed of as well as a 
casting or mortar recipe as a casting mortar matrix containing hydraulic binder 
and ground and/or broken-up radioactive graphite. 

35. Casting according to claim 34, wherein the radioactive graphite of the 
mortar matrix includes reactor graphite. 

36. Casting according to claim 34, wherein the radioactive materials to be 
disposed of include reactor waste. 

37. Casting according to claim 34, wherein the l^drauUc binder includes 
cement. 

38. Casting material cast in a vessel as a mold, wherein the casting 
material comprises a casting mortar matrix contaming hydrauhc binder and 



ground and/or broken-up radioactive gr^hite nearly devoid of nltrafine 
conqjonents. 

39. Casting compoiind containing as a mortar or casting matrix a mortar or 
casting material recipe containing at least one hydraulic binder or ground and/or 
crushed reactor graphite as the filler made by the method according to claim 22. 



REMARKS 



Due to the number and nature of the corrections thereto. Applicants submit 
herewith a Substitute Specification, along with a marked-up copy of the 
Substitute Specification showing the changes therein made by amendment to the 
original specification. No new matter has been added to the original 
specification. The substitute specification includes the changes as shown in the 
marked-up copy and includes the newly added Brief Description of the Drawings 
and appropriate headings in the specification. Therefore, entry of the Substitute 
Specification is respectfiilly requested. Claims 1-16 have been canceled and new 
claims 17-39 have been added. Thus, claim 17-39 are in the application. An 
Information Disclosure Statement is filed herewith under separate cover letter. 

An early action on the merits of the appHcation is requested. 

To die extent necessary, ^)phcants petition for an extension of time under 
37 CFR §1.136. Please charge any shortage in the fees due in connection with 
the filing of this paper, including extension of time fees, to Deposit Account 



a 



No. 01-2135 (635.40828X00) and please credit any excess fees to such deposit 
account 

Respect&lly submitted, 

ANTONELLI, TERRY, STOUT & KRAUS, LLP 



RJSialw 
(703)312-6600 



lonald J. SKore 



Ronald J. SKore 
Registration No. 28,577 
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DisBoaal— o f Ra d ioacAi veu-Ma^feQedaJLs----. 

The present invention relates to a method for disposing of 
radioactive materials, especially radioactive graphite as 
an embedded material or a casting, especially made using 
the method defined above. 

Disposal of radioactive waste, especially radioactive 
p reactor graphite, is a problem that has not yet been 
g solved. At the present time, radioactive and/or heavy toxic 
n materials have been disposed of for so-called final storage 
S using so-called compact conditioning or by solidification 
^ (embedding in cement, etc.), but this produces very large 
O volumes of material that needs to be disposed of or stored. 
5 ^'^^ example, no large quantities of reactor graphite have 
been disposed of yet in the United States, Great Britain, 
nj France, and Germany since there are no specific 

conditioning and disposal strategies there. In France and 
Great Britain, graphite combustion has been discussed as a 
possible approach, but such waste products must not be 
burned due to the large amounts of radioactive tritium (T) 
and carbon-14 (C-14) because this would bring about a 
considerable ecological burden as a result of emissions 
into the atmosphere. Especially in the United States and 
other countries, there is considerable objection to 
combustion. Disposal scenarios proposed according to the 
prior art, especially for disposal of radioactive graphite, 
are mentioned in the list of references attached hereto. 



In addition, a method is proposed in US Patent 4,652,404 
for conditioning radioactively contaminated waste by- 
combustion followed by disposal of the resulting ashes by 
deposition in a bed of cement or concrete. Similarly, 
encapsulation of dangerous waste products is proposed in WO 
98,54107, such as heavy metals, arsenic, etc. as well as 
radioactive materials. Encapsulation takes place in a 
curable system containing calcium carbonate and magnesium 
oxide . 

Q DE 31 31 /98 describes the mechanical breakup of fuel 

2 elements using a high-pressure stream of water. Following 

^ classification of the broken-up material, the graphite 
O 

bfi sludge eventually obtained is solidified with cement to 

l' ' produce blocks for final disposal. 

b 

p Generally speaking, the prior art teaches the possibility 
5 of mixing graphite dry, with sand and cement for example, 
ry and then solidifying it by adding water to make blocks. 
However, it has turned out that the graphite/ sand cement 
blocks thus produced have a poor compressive strength so 
that the disposal of radioactive graphite proposed in the 
prior art, for example by embedding in concrete, is not 
being continued at the present time. 

Therefore, one of the goals of the present invention is to 
propose a disposal method improved over the methods known 
today, especially for getting rid of radioactive waste 
products such as radioactive graphite since, in the near 
future, there will be large amounts of waste, especially of 
radioactive reactor graphite waste. 



According to the invention, this goal is achieved by means 
of a method according to the language of Claim 1. 

The idea of the invention is that the radioactive waste 
that is to be disposed of, particularly the radioactive 
reactor graphite that is to be disposed of, after being 
ground or crushed, replaces aggregates and additives in 
appropriate binder or aggregate formulations for producing 
casting or embedding mortars for waste conditioning. It is 
essential to the invention that the proportion of fines in 
the material to be disposed of, for example, in the 
graphite, is small, i.e., that the proportion having an 
average grain size of < 250 im amounts to less than 30 wt.%. 
Surprisingly, it has been shown that when the proportion of 
fines is reduced, the compressive strength of cement-bonded 
materials, which are produced for the disposal of 
radioactive wastes, could be considerably improved, most 
likely since too great a proportion of fines produces a 
certain lubricating effect, which leads to unacceptable, 
low compressive strengths. 

Preferably, the fine components < 200 \m of the radioactive 
waste to be disposed of, especially the radioactive 
graphite to be disposed of, constitute less than 20% and 
even more preferably less than 15 wt.%. 

According to one variant embodiment of the present 
invention, a formulation of sealing compound or casting 
mortar, which contains a hydraulic binder, such as, for 
example, cement mortar of commonly used sand or gravel, 
will be replaced by the ground or broken-up radioactive 
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material that is to be disposed of, particularly by the 
radioactive reactor graphite for disposal. Preferred 
variants of embodiment of the method according to the 
invention are characterized in the dependent claims. 

The disposal of radioactive reactor graphite is thus 
accomplished by grinding wet, followed by complete 
substitution of additives such as sand and/or gravel and/or 
additives in the cement-bound material such as cement 
mortar and concrete, which are used for example in the form 
of a graphite/ cement mortar matrix for filling otherwise 
waste-laden containers, such as containers and the like. As 
a result of this conditioning of the waste material, 
complete elimination of the otherwise resulting volume of 
waste created when radioactive reactor graphite is 
solidified, which would then be present alone or with other 
radioactive waste products as a finally conditioned drum of 
waste, is achieved. This method of graphite disposal is 
associated with considerable savings of expense from the 
financial standpoint, since otherwise high disposal costs 
would result from additional drums to be generated followed 
by storage. 



Casting and filling mortars consisting of sand, cement 
binder, and special additives are frequently used for 
solidifying radioactive waste, as for example reactor 
shields, graphite segments, concrete fragments, etc., in 
which the mortar fills the spaces in the waste-laden 
containers and so forms a solid, monolithic waste drum 
unit. In contrast to this casting known from the prior art, 
the procedure proposed according to the invention has the 
advantage that the mortar to be loaded contained in the 



spaces also contains radioactive materials , such as the 
above-mentioned radioactive reactor graphite. 

The method of graphite disposal consists for example of the 
following steps: 

- Wet grinding of radioactive reactor graphite by means of 
a grinder with a breaking mill known from stone chip 
production to produce grain sizes from 0 to approx. 60 mm 
diameter for substitution of aggregates and/or other 
additives such as up to 100% sand (here the grain size is 
up to 6 mm) as an aggregate in the cement-bonded recipe, 
which is about 45 wt.% in the filling mortar, containing 
cement which can be contained for final conditioning for 
solidification of other waste products to be disposed of 
in the containers. The addition of ground graphite can 
also take place beyond the amount of sand, by further 
substitution of additives up to 50 wt.% in the cement 
mortar. 

Aggregate such as gravel and sand and other additives 
produced by broken-up and ground radioactive graphite can 
be substituted in the concrete material so that such 
concrete mixtures can contain up to 75 wt.% graphite. 

Preferably, a graphite/cement ratio of at least 1.3 is 
chosen, and even more preferred a graphite/cement ratio of 
at least 1.35. 

- Mixing the wet-ground graphite with a solidification 
matrix prepared for the purpose, e.g. cement-bonded 
material such as cement mortar, concrete, etc. 



- Loading the radioactive, flowable reactor graphite- 
filling matrix that solidifies or bonds later in the 
preconditioned waste containers already loaded with other 
solid waste products to produce waste drums. 

The method described by way of example for disposing of 
reactor graphite in the solidified filling matrix, which is 
used for example for making waste drums containing already 
preconditioned radioactive wastes, is shown in greater 
detail in Figures 1 and 2 by way of example. Solidification 
of weakly radioactive wet ground graphite to produce so- 
called "lost shields," in other words for shields for use 
in nuclear power plants as well as intermediate or final 
storage, is also possible. 

Relative to the two Figures 1 and 2 mentioned above. Figure 
1 shows in section an example of a container 1 containing 
various radioactive materials to be disposed of, which are 
enclosed in a casting matrix proposed according to the 
invention. Thus, Figure 1 shows schematically for example a 
graphite segment 3, graphite fragments 5, segments of a 
thermal or biological shield 7, as well as colemanite 
concrete fragments 9. These materials to be disposed of and 
cast in container 1 are embedded in a radioactive cement 
mortar matrix 11 containing graphite, proposed according to 
the invention. 

Figure 2 shows in cross section another container drum 21, 
which can be for example a thin-walled small container made 
of concrete weighing about 20 tons, mainly containing 



radioactive steel and gray cast iron waste, which had been 
used for example as shields in nuclear reactors. 

The invention will now be explained in greater detail with 
reference to formulations provided as examples. The 
following Table 1 shows four recipes with maximum grain 
sizes of the graphite of 6 mm, 15 mm, 30 mm, and 60 mm. 
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Table 1 





Maximuta grain 


mm 


6 


15 


30 


60 




size of 














graphite 














Percentage < 


% 


< 15 


< 10 


< 8 


< 5 




200 [m 














Graphite load 


kg/m^ 


809.0 


1024.8 


1189.7 


1350.7 




dry 














Graphite 


g 


310.0 


490.4 


692.4 


980.8 




(2.5% H2O) 














Pore filler 


g 


55.0 


56.1 


56.7 


57.0 




Zeolite 


g 


29.7 


30.3 


30.6 


30.8 




Cement 


g 


184.0 


187.7 


189.6 


190.7 


D 


Plasticizing 


g 


4.0 


4.1 


4.1 


4.1 


p 


medium 












m 


Wetting 
medium 


g 


0.6 


0.6 


0.6 


0.6 


o. 


Additive 

fraction 


g 


122.7 


127.9 


132.0 


135.7 


s 


2 Weighed 


g 


583.3 


769,2 


974.0 


1264.0 


o 


amount 














without 












Q 


additive 












£ 


Surface of 


cm^ 


214811 


216390 


217198 


217769 


y 


the graphite 












=■= 


Raw density po 
measured 


g/cm^ 


1.89 


1.92 


1.95 


1.98 






g/ cm^ 


1.93 


1.96 


1.99 


2.01 




Theoretically 














without air 














Air pores 


Vol.% 


2.3 


2.1 


2.0 


1.8 




calculated 














Compressive 


N/ram^ 


40.0 ± 


40.0 ± 


40.0 ± 


40.0 + 




strength 




5.0 


5.0 


5.0 


5.0 




po 90 (average 

of 3 














measurements) 














Graphite/ceme 


C/Z 


1.37- 


2.13- 


3.0-3.6 


4.1-5.0 




nt ratio 




1.64 


2.55 







^'Reactor graphite with raw density dry == 1.70 kg/dm^, wet = 
1,87 kg/dm^, and porosity = 17.34 vol,%. 



The pore filler is an amorphous disperse silica, a binder 
for excess calcium hydroxide (Ca(0H)2). The disperse silica 
serves to increase resistance to leaching. 

Zeolite is a replacement agent for binding cesiiim and 
strontium;- which are mobile radioactive fission products, 
which are usually easily soluble. The leaching of mobile 
radionuclides is impeded by the zeolite. 

Possibly, che additives such as pore fillers and zeolite 
can be replaced by finely-ground graphite waste. 

Portland cement or high-grade cement such as sulfate- 
resistant cement or corrosion-resistant cement, which are 
used especially in bridge-building and for applications 
under water, are advantageously used as the cement. 
Fundamentally, the following binders are possible: 

Hydraulically-acting Portland cement, vertical kiln cement, 
fly ash cement, shale oil cement, aluminous cement, Ferrari 
cement, and white cement, alone, in combination, with one 
another, or with silica dust, pozzolan, hydraulic lime, 
calcium hydroxide, calcium oxide, magnesium hydroxide, 
magnesium oxide, calcium sulfate hemihydrate, anhydrous 
calcium sulfate, as well as inorganic geopolymers. Using 
reactive resins is also possible, such as epoxy resins, 
silicone resins, polyurethane resins, etc., alone or in 
combination with the above-mentioned binders. 

An additive for optimizing the flowability or filling 
properties of the mortar mixture is used as a plasticizer. 



Wetting agent: serves to wet the graphite surface and for 
preventing air inclusions. The wetting agent must not form 
complexes and should break down rapidly in the cement 
medium. 

Two years after solidification (storage), a wetting agent 
should for the most part no longer be detectable. 

The attached Figures 3 to 6 show the corresponding screen 
analyses of the graphites used in the four formulations, 
with a maximum grain size of 6 mm in Figure 3, 15 mm in 
Figure 4, 30 mm in Figure 5, and 60 mm in Figure 6, 

In the following Table 2, the grain size distributions in 
the different graphite aggregates, with the maximum grain 
diameters of 6, 15, 30, and 60 mm, are listed as shown in 
Figures 3 to 6 . 
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Table 2 



Screen mesh 


Passage through the screen 


Diameter 





[mm] 


[wt.%] 


[wt.%3 


[wt.%] 


[wt.] 


60,000 


- 


- 


- 


100.0 


30, 000 


- 


- 


100.0 


70. 6 


15,000 


- 


100.0 


70,8 


50.0 


6000 


100.0 


63.2 


44.8 


31 . 6 


4000 


81.2 


51.3 


36.3 


25.7 


2000 


58.2 


36.8 


26.1 


18.4 


1000 


39.2 


24. 8 


17.6 


12.4 


0.500 


27.7 


17.5 


12.4 


8.8 


0.250 


19.4 


12.2 


8.7 


6.1 


0.125 


12 . 5 


7.9 


5.6 


3.9 


0. 00 


0.0 


0.0 


0.0 


0.0 



As is clearly discernible from the four formulations, the 
recipe can include much less graphite when a maximum grain 
size of up to 60 mm is used, i.e. approx. 70% more than 
with a maximum grain size of the graphite of 6 mm. What 
formulation finally is used for casting further radioactive 
wastes, depends on the "bulkiness" or the dimensions of 
these waste products as well as the order of magnitude of 
the load of the graphite/cement mortar material. The 
greater the maximum grain size of the graphite in the 
mortar recipe, the higher is the graphite loading of the 
formulation. 
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A first investigation of compressive strength after a 28- 
day setting of samples produced from the four sample 
formulations of graphite/cement mortar mixtures yielded 
values of 42 N/mm^ to 51 N/mm^. The minimum compressive 
strength for solidified waste matrices of 10 N/mm^, which is 
required by the HSK [Nuclear Plant Safety Department] and 
the NAGRA [National Society for the Disposal of Radioactive 
Waste], is thus clearly exceeded. The values measured 
generally meet the requirements of international standards 
relative to minimum compressive strength. The leaching data 
O raaionuclides in demineralized and gyps-om-saturated 

S water (according to ISO Standard 6961) is < 5 x 10~^ m/d. 
ffl Measurements of moldings produced with graphite with a 

5 substantially higher proportion of fines than that required 
^ according to the invention yield compressive strengths of 

O less than 15 N/m'. With graphite as the aggregate with a 

6 maximum grain size of 2 00 jam, compressive strengths of < 10 
S N/m^ were measured. 

fU ■ 

The great advantage of the graphite/cement mortar 
formulations proposed according to the invention lies in 
the fact that, in addition to the embedding of any kind of 
radioactive wastes as well as liquids that must also be 
disposed of, radioactive reactor graphite can be disposed 
of instead of the commonly used sand or gravel or other 
additives. Thus a higher filling ratio than is common with 
the use of sand or of mineral fillers can be used. 
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Claims 



m 
O 



1. Method for disposal of radioactive materials, 
characterized in that, in a binder/aggregate mixture for 
producing embedding materials, mortars, casting resins and 
the like, the aggregate is partially substituted by the 
material to be disposed of, and that the material to be 
disposed of is nearly devoid of ultrafine components. 

2. Method, particularly according to Claim 1, characterized 
in that the proportion of fines of < 250 joiii amounts to less 
than 30%, referred to the weight of the material to be 
disposed of, preferably less than 15 wt.%. 

3. Method, particularly according to one of Claims 1 or 2, 
characterized in that a hydraulic binder is used as the 
binder, at least in part. 

4. Method, particularly according to one of Claims 1 to 3, 
characterized in that a reaction resin is used as the 
binder, at least in part. 

5. Method, particularly according to one of Claims 1 to 4, 
characterized in that the radioactive material is used as 
the aggregate and partially replaces filler with the binder 
as mortar or casting compound for embedding or 
encapsulating other materials to be disposed of in a 
receptacle or container. 



6. Method, particularly according to one of Claims 1 to 5, 
characterized in that radioactive graphite, particularly 
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reactor graphite, is broken up into small pieces and is 
used at least with a preferably hydraulic binder, such as 
cement, as well as other additives as needed, as a mortar 
or casting compound formulation for embedding or 
encapsulating other radioactive and/or toxic materials, 
particularly reactor wastes or reactor parts to be disposed 
of. 

7. Method, particularly according to one of Claims 1 to 6, 
characterized in that first radioactive reactor graphite is 
^ wet-ground to a grain size of < 60 mm, preferably < 30 mm 
O and then is mixed together with at least one hydraulic 
g binder such as cement for the production of a mortar or 
y embedding compound formulation. 

Li 

Q 8. Method, particularly according to one of Claims 1 to 7, 
^ characterized in that the proportion of fines of < 200 [am of 
material to be disposed of, particularly radioactive 

g 

i=y reactor graphite, amounts to less than 20%, referred to the 
weight of the material to be disposed of, preferably less 
than 15%, and still- more preferably, less than 10 wt.%. 

9. Method, particularly according to one of Claims 6 to 8, 
characterized in that formulation additives for increasing 
the flowability, filling ratio, corrosion resistance, 
resistance to aging, resistance to leaching, as well as for 
surface wettability are added. 



10. Method, particularly according to one of Claims 6 to 9, 
characterized in that the filling ratio of the formulation 
with ground and/or broken-up radioactive graphite is highe;^ 
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than the filling ratio when conventional mineralized 
fillers are used, particularly aggregates such as sand, 
gravel and/or additives such as clinoptilolith, micropoz, 
powdered limestone, quartz powder, and others. 

11. Method, particularly according to one of Claims 1 to 
10, characterized in that sulf ate-resistant and/or 
corrosion-resistant cement is used as the binder, 

12. Method, particularly according to one of Claims 6 to 

p 11, characterized in that the material to be disposed of or 
y the radioactive graphite has a wetting agent added to it, 
W while it is being crushed or ground. 

i 

13. Casting compound (11) containing as the binder recipe 
O at least one hydraulic binder, such as cement for example, 
g and as the filler at least ground and or broken-up 

J radioactive and/or toxic material such as radioactive 
ry reactor graphite with the fine component < 250 \m. of the 
filler, particularly the radioactive reactor graphite, 
being less than 30 wt.% based on the weight of the amount 
of filler, preferably less than 15 wt.%, and even more 
preferably less than 10 wt.%. 

14. Casting containing radioactive materials to be disposed 
of, especially reactor waste (3, 5, 7, 9) as well as a 
casting or mortar recipe as a casting mortar matrix (11) 
containing hydraulic binder, such as cement as well as 
ground and/or broken-up radioactive graphite, especially 
reactor graphite. 



15. Casting material, particularly according to Claims 13 
or 14, cast in a vessel as a mold, such as a container (1, 
21) for example. 

16. Casting compound containing as the mortar or casting 
matria: (11) a mortar or casting material recipe containing 
at least one hydraulic binder such as cement or ground 
and/or crushed reactor graphite as the filler made by a 
method, especially according to one of Claims 5 to 11. 



Substitute Specification 
DISPOSAL OF RADIOACTIVE MATERIALS 

Related Applications 

This application is a Section 371 filing of International Application 
PCT/CHOO/00268, filed May 16, 2000, the priority of which is claimed under 
35 U.S.C. § 120. The International Application claims priority of Switzerland 
Application No. 1108/99, filed June 14, 1999, the priority of which is claimed 
under 35 U.S.C. §119. 

Field 

The present invention relates to a method for disposing of radioactive 
materials, espedally radioactive graphite as an embedded material or a casting, 
especially made using the method defined above. 

Background 

Disposal of radioactive waste, especially radioactive reactor graphite, is a 
problem that has not yet been solved. At the present time, radioactive and/or 
heavy toxic materials have been disposed of for so-called final storage using so- 
caUed compact conditioning or by sohdification (embedding in cement, etc.), 
but this produces very large volumes of material that need to be disposed of or 



stored. For example, no large quantities of reactor graphite have been disposed 
of yet in the United States, Great Britain, France, and Germany since there are 
no spedfLc conditioning and disposal strategies there. In France and Great 
Britain, graphite combustion has been discussed as a possible approach, but 
such waste products must not be burned due to the large amounts of radioactive 
tritium (T) and carbon- 14 (C-14) because this would bring about a considerable 
ecological burden as a result of emissions into the atmosphere. Especially in the 
United States and other countries, there is considerable objection to combustion. 
Disposal scenarios proposed according to the prior art, especially for disposal of 
radioactive graphite, are mentioned in the list of references attached hereto. 

In addition, a method is proposed in US Patent 4,652,404 for conditioning 
radioactively contaminated waste by combustion followed by disposal of the 
resulting ashes by deposition in a bed of cement or concrete. Similarly, 
encs^sulation of dangerous waste products is proposed in WO 98,54107, such 
as heavy metals, arsenic, etc. as well as radioactive materials. Encapsulation 
takes place in a curable system containing calcium carbonate and magnesixun 
oxide. 

DE 3131 798 describes the mechanical breakup of fuel elements using a 
high-pressure stream of watOT. Following classification of the broken-up 
material, the graphite sludge eventually obtained is solidified with cement to 
produce blocks for final disposal. 



Generally speaking, the prior art teaches the possibility of mixing 
graphite dry, with sand and cement for example, and then solidifying it by 
adding water to make blocks. However, it has turned out that the graphite/sand 
cement blocks thus produced have a poor compressive strength so that the 
disposal of radioactive graphite proposed in the prior art, for example by 
embedding in concrete, is not being continued at the present time. 

SiimmarY 

Therefore, one of the goals of the present invention is to propose a 
disposal method inq)roved over the methods known today, especially for getting 
rid of radioactive waste products such as radioactive graphite since, in the near 
fiiture, there will be large amounts of waste, especially of radioactive reactor 
graphite waste. 

According to the invention, this goal is achieved by means of a method 
for disposal of radioactive materials, comprising providing a binder/aggregate 
mixture for producing at least one of an embedding material, a mortar and a 
castuig resm, wherem the aggregate is partially substituted by at least one 
radioactive material to be disposed of, and wherein the at least one radioactive 
material to be disposed of is nearly devoid of ultrafine components. 

The idea of the invention is that the radioactive waste that is to be 
disposed of, particularly the radioactive reactor graphite that is to be disposed 
of, after being ground or crushed, replaces aggregates and additives in 



appropriate binder or aggregate formulations for producing casting or 
embedding mortars for waste conditioning. It is essential to the invention lliat 
the proportion of fines in the matedaL to be disposed of, for example, in the 
graphite, is small, i.e., that the proportion having an average grain size of < 250 
pm amoimts to less than 30 wt.%. Surprisittgly, it has been shown that when the 
proportion of fines is reduced, the compressive strength of cement-bonded 
materials, which are produced for tiie disposal of radioactive wastes, could be 
considerably improved, most likely since too great a proportion of fines 
produces a certain lubricating effect, which leads to unacceptable, low 
compressive strengths. 

Preferably, the fine components < 200 jun of the radioactive waste to be 
disposed of, especially the radioactive graphite to be disposed o:^ constitute less 
than 20% and even more preferably less than 15 wt.%. 

According to one variant embodiment of the present invention , a 
formulation of sealing compound or casting mortar, which contains a hydraulic 
binder, such as, for example, cement mortar of commonly used sand or gravel, 
will be replaced by the ground or broken-\q) radioactive material that is to be 
disposed of, particularly by the radioactive reactor graphite for disposal. 
Preferred variants of embodiment of the metiiod according to the invention are 
characterized in the dqpendent claims. 

The disposal of radioactive reactor graphite is thus accomplished by 
grinding wet, followed by complete substitution of additives such as sand and/or 



gravel and/or additives in the cement- 'bound material such as cement mortar 
and concrete, which are used for example in the form of a graphite/cement 
mortar matrix for filling othCTwise waste-laden containers, such as containCTS 
and the like. As a result of this conditioning of the waste material, complete 
elimination of the otherwise resulting volume of waste created when radioactive 
reactor gr^hite is solidified, which would then be present alone or with other 
radioactive waste products as a finally conditioned drum of waste, is achieved. 
This method of graphite disposal is associated with considerable savings of 
expense fi'om the financial standpoint, since otherwise high disposal costs 
would result firom additional drums to be generated followed by storage. 

Casting and filling mortars consisting of sand, cement binder, and special 
additives are fi^equently used for solidifying radioactive waste, as for example 
reactor shields, gr^hite segments, concrete firagments, etc., in which the mortar 
fills the spaces in the waste-laden containers and so forms a soUd, monolithic 
waste drum unit. In contrast to this casting known fi-om the prior art, the 
procedure proposed according to the invaition has the advantage that the mortar 
to be loaded contained in the spaces also contains radioactive materials, such as 
the above-mentioned radioactive reactor graphite. 

The method of graphite disposal consists for example of the following 

steps: 

- Wet grinding of radioactive reactor graphite by means of a grinder witii a 
breaking mill known fiom stone chip production to produce grain sizes fi:om 



0 to approx. 60 mm diameter for substitution of aggregates and/or other 
additives such as up to 100% sand (here the grain size is up to 6 mm) as an 
aggregate in the cement-bonded recipe, which is about 45 wt.% in the filling 
mortar, containing cement which can be contained for final conditioning for 
solidification of other waste products to be disposed of in the containers. The 
addition of ground graphite can also take place beyond the amount of sand, 
by furtha: substitution of additives up to 50 wt.% in the cement mortar. 
Aggregate such as gravel and sand and other additives produced by broken-up 
and ground radioactive graphite can be substituted in the concrete material so 
that such concrete mixtures can contain up to 75 wt,% graphite. 

Preferably, a grq)hite/cement ratio of at least 1.3 is chosen, and even 
more preferred a gr^hite/cement ratio of at least 1.35. 

- Mixing the wet-ground graphite with a solidification matrix prepared for the 
purpose, e.g. cement-bonded material such as cement mortar, concrete, etc. 

- Loading the radioactive, flowable reactor graphite-filling matrix that 
solidifies or bonds later in the preconditioned waste containers already 
loaded with other solid waste products to produce waste drums. 

Brief Description of the Drawings 

Fig. 1 shows in section an example of a container of the present invention 
containing various radioactive materials to be disposed of. 

Fig. 2 shows in cross-section another container drum made of concrete 



weighing about 20 tons, containing radioactive steel and gray cast iron waste, 
which has been used for example as shields in nuclear reactors. 

Fig. 3 shows a screen analysis of the graphite used in one formulation of 
the invention, with a maximum grain size of 6 nun. 

Fig. 4 shows a screen analysis of a gr^hite used in a second formulation 
of the invention, with a maximum grain size of 15 mm. 

Fig. 5 shows a screen anab^s of a gr^hite used, in a third formulation of 
the invention, with a maximum grain size of 30 mm. 

Fig. 6 presents a screen analysis of a graphite used in a fourth formulation 
of the invention, with a maximum grain size of 60 mm. 

Detailed Description 

The method described by way of example for disposing of reactor 
graphite in the solidified filling matrix, which is used for example for making 
waste drums containing already preconditioned radioactive wastes, is shown in 
greater detail in Figures 1 and 2 by way of example. Solidification of weakly 
radioactive wet ground graphite to produce so-called "lost shields," in other 
words for shields for use in nuclear power plants as well as intermediate or final 
storage, is also possible. 

Relative to the two Figures 1 and 2 mentioned above. Figure 1 shows in 
section an example of a container 1 containing various radioactive materials to 
be disposed of, which are enclosed in a casting matrix proposed according to the 



invention. Thus, Figure 1 shows schematically for example a graphite segment 
3, graphite fragments 5, segments of a thermal or biological shield 7, as well as 
colemanite concrete fragments 9. These materials to be disposed of and cast in 
container 1 are embedded in a radioactive cement mortar matrix 1 1 containing 
graphite, proposed according to the invention. 

Figure 2 shows in cross section another container drum 21, which can be 
for example a thin-walled small container made of concrete weighing about 20 
tons, mainly containing radioactive steel and gray cast iron waste, which had 
been used for example as shields in nuclear reactors. 

The invention will now be explained in greater detail with reference to 
formulations provided as examples. The following Table 1 shows four recipes 
with maximum grain sizes of the gr^hite of 6 mm, 15 mm, 30 mm, and 60 mm. 



9 



Table 1 



Maximum grain 
size of gr^hite 


mm 


6 


15 


30 


60 


Percentage < 
200 jLun 


% 


< 15 


< 10 


<8 


<5 


Graphite load 
dry 


kg/m' 


809.0 


1024.8 


1189.7 


1350.7 


Graphite 
(2.5% H2O) 


g 


310.0 


490.4 


692.4 


980.8 


Pore filler 


B> 


55.0 


56.1 


56.7 


57.0 


Zeolite 




29.7 


30.3 


30.6 


30.8 


Cement 


S 


184.0 


187.7 


189.6 


190.7 


Plastidziiig 
medium 


g 


4.0 


4.1 


4.1 


4.1 


Wetting medium 


g 


0.6 


0.6 


0.6 


0.6 


Additive fi"action 


g 


122.7 


127.9 


132.0 


135.7 


E Weighed 
amount 
without 
additive 


g 


583 3 


769 2 


974 0 


1264 0 


Surface of 
the graphite 


cm^ 


214811 


216390 


217198 


217769 


Raw density po 
measured 


g/cm^ 


1.89 


1.92 


1.95 


1.98 


* 

Theoretically 
without air 


g/cm^ 


1.93 


1.96 


1.99 


2.01 


All" nr^ff^Q 

calculated 


Y 01. /O 


2 3 


2 1 


2 0 


1 8 


Compressive 
strength 

Po 90 (average 
of3 

measurements) 


N/mm^ 


40.0 ± 
5.0 


40.0 ± 

5.0 


40.0 ± 
5.0 


40.0 ± 
5.0 


Graphite/cement 
ratio 


C/Z 


1.37— 
1.64 


2.13— 
2.55 


3.0—3.6 


4.1—5.0 















^^Reactor graphite with raw density dry = 
17.34 vol.%. 



1.70 kg/dm^, wet = 1.87 kg/dm^, and porosity = 
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The pore filler is an atnoiphous disperse silica, a binder for excess 
calcium hydroxide (Ca(OH)2). The disperse silica serves to increase resistance 
to leaching. 

Zeolite is a replacement agent for binding cesium and strontium, which 
are mobile radioactive fission products, which are usually easily soluble. The 
leaching of mobile radionuclides is impeded by the zeolite. 

Possibly, the additives such as pore fillers and zeolite can be replaced by 
finely-ground graphite waste. 

Portland cement or high-grade cement such as sulfate-resistant cement or 
corrosion-resistant cement, which are used especially in bridge-building and for 
applications under water, are advantageously used as the cement. 
Fundamentally, the following binders are possible: 

Hydraulically-acting Pordand cement, vertical kiln cemeut, fly ash 
cement, shale oil cement, aluminous cement, Ferrari cement, and white cement, 
alone, in combination, with one another, or with silica dust, pozzolan, hydraulic 
lime, calcium hydroxide, calcium oxide, magnesium hydroxide, magnesium 
oxide, calcium sulfate hemihydrate, anhydrous calcium sulfate, as well as 
inorganic geopolymers. Using reactive resins is also possible, such as epoxy 
resins, silicone resins, polyurethane resins, etc., alone or in combination with the 
above-mentioned binders. 

An additive for optimizing the flowability or filling properties of the 
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mortar mixture is used as a plasticizer. 

Wetting agent: serves to wet the gr^hite surface and for preventing air 
inclusions. The wetting agent must not form complexes and should break down 
rapidly in the cement medium. 

Two years after solidification (storage), a wetting agent should for the 
most part no longer be detectable. 

The attached Figures 3 to 6 show the corresponding screen analyses of 
the graphites used in the four formulations, with a maximum grain size of 6 mm 
in Figure 3, 15 mm in Figure 4, 30 mm in Figure 5, and 60 mm in Figure 6. 

In the following Table 2, the grain size distributions in the different 



graphite aggregj 


ites, with the maximum grain die 


imeters of 6, 15, 30, and 60 


mm, are listed a 


s shown in Figures 3 to 6. 






Table 2 




Screen mesh 




Passage through the screen 


Diameter 







[mm] 


[wt.%] 


[wt.%] 


[wt.%] 


[wt.] 


60,000 


0 


0 


0 


100.0 


30,000 


0 


0 


100.0 


70.6 


15,000 


0 


100.0 


70.8 


50.0 


6000 


100.0 


63.2 


44.8 


31.6 


4000 


81.2 


51.3 


36.3 


25.7 


2000 


58.2 


36.8 


26.1 


18.4 


1000 


39.2 


24.8 


17.6 


12.4 


0.500 


27.7 


17.5 


12.4 


8.8 


0.250 


19.4 


12.2 


8.7 


6.1 


0.125 


12.5 


7.9 


5.6 


3.9 


0.00 


0.0 


0.0 


0.0 


0.0 
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As is clearly discernible from the four formulations, the recipe can 
include much less graphite when a maximum grain size of up to 60 mm is used, 
i.e., approx. 70% more than with a maximum grain size of the gr^hite of 6 mm. 
What formulation finally is used for casting further radioactive waste, depends 
on the "buUdness" or the dimensions of these waste products a well as the order 
of magnitude of load of the gr^hite/cement mortar material. The greater the 
maximum grain size of the graphite in the mortar recipe, the higher is the 
graphite loading of the formulation. 

A first investigation of compressive strength after a 28-day setting of 
sample produced from the four sample formulations of graphite/cement mortar 
mixtures yielded values of 42 N/mm^ to 5 1 N/mm^. The minimum compressive 
strength for solidified waste matrices of 10 N/mm^, which is required by the 
HSK [Nuclear Plant Safety Department/ and the NAGRA [National Society for 
the Disposal of Radioactive Waste], is thus clearly exceeded. The values 
measured generally meet the requirements of international standards relative to 
minimum compressive strength. The leaching data of radionuclides in 
demineralized and gypsum-saturated waste (according to ISO Standard 6961) is 
< 5 X 10'^ m/d. Measurements of moldings produced with graphite with a 
substantially higher proportion of fines than that required according to the 
invention yield compressive strengths of less than 15 N/m^. With graphite as 
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the aggregate with a maximum grain size of 200 jmn, compressive strengths of < 
10 were measured. 

The great advantage of the graphite/cement mortar formulations proposed 
according to the invention lies in the fact that, in addition to the embedding of 
any kind of radioactive wastes as well as liquids that must also be disposed of, 
radioactive reactor graphite can be disposed of instead of the commonly used 
sand or gravel or other additives. Thus a higher filling ratio than is common 
with the use of sand or of mineral fillers can be used. 
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1 Field 

S The present invention relates to a method for disposing of radioactive 

O 15 materials, especially radioactive graphite as an embedded material or a casting, 
especially made using the method defined above. 



Background 

Disposal of radioactive waste, especially radioactive reactor gr^hite, is a 
20 problem that has not yet been solved. At the present time, radioactive and/or 
heavy toxic materials have been disposed of for so-called final storage using so- 
caUed compact conditioning or by solidification (embedding in cement, etc.), 
but this produces very large volumes of material that [needs] need to be 
disposed of or stored. For example, no large quantities of reactor graphite have 



been disposed of yet in the United States, Great Britain, France, and Germany 
since there are no specific conditioning and disposal strategies there. In France 
and Great Britain, gr^hite combustion has been discussed as a possible 
approach, but such waste products must not be burned due to the large amounts 
of radioactive tritium (T) and carbon- 14 (C-14) because this would bring about 
a considerable ecological burden as a result of emissions into the atmosphere. 
Especially in the United States and other countries, there is considerable 
objection to combustion. Disposal scenarios proposed according to the prior art, 
especially for disposal of radioactive graphite, are mentioned in the list of 
references attached hereto. 

In. addition, a method is proposed in US Patent 4,652,404 for conditioning 
radioactively contaminated waste by combustion followed by disposal of the 
resulting ashes by deposition in a bed of cement or concrete. Similarly, 
encapsulation of dangerous waste products is proposed in WO 98,54107, such 
as heavy metals, arsenic, etc. as well as radioactive materials. Encapsulation 
takes place in a curable system containing calcium carbonate and magnesium 
oxide. 

DE 3131 798 describes the mechanical breakup of fuel elements using a 
high-pressure stream of water. Following classification of the broken-up 
material, the grs^hite sludge eventually obtained is solidified with cement to 
produce blocks for final disposal. 



Generally speaking, the prior art teaches the possibility of mixing 
graphite dry, with sand and cement for example, and then solidifying it by 
adding water to make blocks. However, it has turned out that the graphite/sand 
cement blocks thus produced have a poor compressive strength so that the 
disposal of radioactive gr^hite proposed in the prior art, for example by 
embedding in concrete, is not bemg continued at the present time. 

Summary 

Therefore, one of the goals of the present invention is to propose a 
disposal method improved over the methods known today, especially for getting 
rid of radioactive waste products sudi as radioactive graphite since, in the near 
future, there will be large amounts of waste, especially of radioactive reactor 
graphite waste. 

According to the invention, this goal is achieved by means of a method 
[according to the language of Claim 1] for disposal of radioactive materials, 
comprising providing a binder/aggregate mixture for producing at least one of 
an embedding material, a mortar and a casting resin, wherein the aggregate is 
partially substituted by at least one radioactive material to be disposed of. and 
wherein the at least one radioactive material to be disposed of is nearly devoid 
of ultrafine components . 

The idea of the invention is that the radioactive waste that is to be 
disposed of, particularly the radioactive reactor graphite that is to be disposed 



of, after being ground or crushed, replaces aggregates and additives in 
appropriate binder or aggregate formulations for producing casting or 
embedding mortars for waste conditioning. It is essential to the invention that 
the proportion of fines in the material to be disposed of, for example, in the 
graphite, is small, i.e., that the proportion having an average grain size of < 250 
pm amounts to less than 30 wt.%. Surprisingly, it has been shown that when the 
proportion of fmes is reduced, the compressive strength of cement-bonded 
materials, which are produced for the disposal of radioactive wastes, could be 
considerably improved, most likely since too great a proportion of fines 
produces a certain lubricating effect, which leads to unacceptable, low 
conq)ressive strengths. 

Preferably, the fine components < 200 pm of the radioactive waste to be 
disposed of, especially the radioactive graphite to be disposed of, constitute less 
than 20% and even more preferably less than 15 wt.%. 

According to one variant embodiment of the present invention, a 
formulation of sealing compoimd or casting mortar, which contains a hydraulic 
binder, such as, for example, cement mortar of commonly used sand or gravel, 
will be replaced by the ground or broken-up radioactive material that is to be 
disposed of, particularly by the radioactive reactor graphite for disposal. 
Preferred variants of embodiment of the method according to the invention are 
characterized in the dependent claims. 



The disposal of radioactive reactor graphite is thus accomplished by 
grinding wet, followed by complete substitution of additives such as sand and/or 
gravel and/or additives in the cement-'bound material such as cement mortar 
and concrete, which are used for example in the form of a gr^hite/cement 
mortar matrix for filling otherwise waste-laden containers, such as containers 
and the like. As a result of this conditioning of the waste material, complete 
elimination of the otherwise resulting volume of waste created when radioactive 
reactor graphite is solidified, which would then be present alone or with other 
radioactive waste products as a fmally conditioned drum of waste, is achieved. 
This method of gr^hite disposal is associated with considerable savings of 
expense fi:om the financial standpomt, since otherwise high disposal costs 
would result fiom additional drums to be generated followed by storage. 

Casting and filling mortars consisting of sand, cement binder, and special 
additives are fi-equently used for solidifying radioactive waste, as for example 
reactor shields, graphite segments, concrete fragments, etc., in which the mortar 
fills the spaces in the waste-laden containers and so forms a solid, monolithic 
waste drum unit. In contrast to this casting known firom the prior art, the 
procedure proposed according to the invention has the advantage that the mortar 
to be loaded contained in the spaces also contains radioactive materials, such as 
the above-mentioned radioactive reactor gr^hite. 

The method of gr^hite disposal consists for example of the follovdng 

steps: 



- Wet grinding of radioactive reactor graphite by means of a grinder with a 
breaking mill known from stone chip production to produce grain sizes from 
0 to approx. 60 mm diameter for substitution of aggregates and/or other 
additives sudi as up to 100% sand (here the grain size is up to 6 mm) as an 
aggregate in the cement-bonded recipe, which is about 45 wt.% in the filling 
mortar, containing cement which can be contained for final conditioning for 
solidification of other waste products to be disposed of in the containers. The 
addition of ground graphite can also take place beyond the amount of sand, 
by fijrther substitution of additives up to 50 wt.% in the cement mortar. 

Aggregate such as gravel and sand and other additives produced by broken-up 
and ground radioactive gr^hite can be substituted in the concrete material so 
that such concrete mixtures can contain up to 75 wt,% graphite. 

Preferably, a graphite/cement ratio of at least 1.3 is chosen, and even 
more preferred a graphite/cement ratio of at least 1.35. 

- Mixing the wet-ground graphite with a solidification matrix prepared for the 
purpose, e.g. cement-bonded material such as cement mortar, concrete, etc. 

- Loading the radioactive, flowable reactor gr^hite-fiUing matrix that 
solidifies or bonds later in the preconditioned waste containers already 
loaded with other solid waste products to produce waste drums. 



Brief Descrintion of the Drawings 

Fig. 1 shows in section an example of a container of the present invention 
containing various radioactive materials to be disposed of. 

Fig. 2 shows in cross-section another container drum made of concrete 
weighing about 20 tons, containing radioactive steel an d grav cast iron waste. 
which has been used for example as shields in nuclear reactors. 

Fig. 3 shows a screen analvsis of the graphite used in one formulation of 
the inventioa with a maxmium grain size of 6 mm. 

Fig. 4 shows a screen analvsis of a graphite used in a second formulation 
of the invention, with a maximum grain size of 15 mm. 

Fig. 5 shows a screen analvsis of a graphite used, in a third formulation of 
the invention, with a maximum grain size of 30 mm. 

Fig. 6 presents a screen analysis of a graphite used in a fourth formulation 
of the invention, with a maximum grain size of 60 mm. 

Detailed Description 

The method described by way of example for disposing of reactor 
graphite in the solidified filling matrix, which is used for example for making 
waste drums containing already preconditioned radioactive wastes, is shown in 
greater detail in Figures 1 and 2 by way of example. Solidification of weakly 
radioactive wet ground gr^hite to produce so-called "lost shields," in other 
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words for shields for use in nuclear power plants as well as intermediate or final 
storage, is also possible. 

Relative to the two Figures 1 and 2 mentioned above. Figure 1 shows in 
section an exanq>le of a container 1 containing various radioactive materials to 
be disposed of, which are enclosed in a casting matrix proposed according to the 
invention. Thus, Figure 1 shows schematically for example a graphite segment 
3, grq)hite fragments 5, segments of a thermal or biological shield 7, as well as 
colemanite concrete fragments 9. These materials to be disposed of and cast in 
container 1 are embedded in a radioactive cement mortar matrix 1 1 containing 
graphite, proposed according to the invention. 

Figure 2 shows in cross section another container drum 21, which can be 
for example a thin-walled small container made of concrete weighing about 20 
tons, mainly containing radioactive steel and gray cast iron waste, which had 
been used for example as shields in nuclear reactors. 

The invention will now be explained in greater detail with reference to 
formulations provided as examples. The following Table 1 shows four recipes 
with TTn^ yimiim grain sizes of the graphite of 6 mm, 15 mm, 30 mm, and 60 mm. 
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Table 1 



Maxitnum grain 
size of graphite 


mm 


6 


ID 


30 


60 


Percentage < 

'JCiCi iim 
^\J\J ^IIl 


% 


< 15 


< 10 


< 8 




Graphite load 
dry 


kg/m 


809.0 




1024.8 




1350 7 


Graphite 
(2.5% H2O) 


g 


310.0 


490.4 


692.4 


980.8 


Pore filler 


g 


55.0 


56.1 


56.7 


57.0 


Zeolite 




29.7 


30.3 


30.6 


30.8 


Cement 


S 


184.0 


187.7 


189.6 


190.7 


Plasticizing 
medium 


g 


4.0 


4.1 


4.1 


4.1 


Wetting medium 


g 


0.6 


0.6 


0.6 


0.6 


Additive fraction 


g 


122.7 


127.9 


132.0 


135.7 


E Weighed 
amount 
without 
additive 


g 


583.3 


769.2 


974.0 


1264.0 


Surface of 
the graphite 


cm"^ 


214811 


216390 


217198 


217769 


Raw density po 
measured 


g/cm^ 


1.89 


1.92 


1.95 


1.98 


* 

Theoretically 
without air 


g/cm"* 


1.93 


1.96 


1.99 


2.01 


Air pores 
calculated 


Vol.% 


2.3 


2.1 


2.0 


1.8 


Compressive 
strength 

po 90 (average 
of3 

measurements) 


N/mm^ 


40.0 ± 
5.0 


40.0 ± 

5.0 


40.0 ± 
5.0 


40.0 ± 
5.0 


Gr^hite/cement 
ratio 


C/Z 


1.37— 
1.64 


2.13— 
2.55 


3.0—3.6 


4.1—5.0 








. i_^/j_-3 J : 





^^Reactor graphite with raw density dry = 1.70 kg/dm^ wet = 1.87 kg/dm^ and porosity = 



17.34 vol.%. 
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The pore filler is an amorphous disperse silica, a binder for excess 
calcium hydroxide (Ca(OH)2). The disperse silica serves to increase resistance 
to leaching. 

Zeolite is a replacement agent for binding cesium and strontiimi, which 
are mobile radioactive fission products, which are usually easily soluble. The 
leaching of mobile radionuclides is impeded by the zeolite. 

Possibly, the additives such as pore fillers and zeolite can be replaced by 
finely-ground graphite waste. 

Portland cement or high-grade cement such as sulfate-resistant cement or 
corrosion-resistant cement, which are used especially in bridge-building and for 
applications under water, are advantageously used as the cement. 
Fundamentally, the following binders are possible: 

Hydraulically-acting Portland cement, vertical kiln cement, fly ash 
cement, shale oil cement, aluminous canent, Ferrari cement, and white cement, 
alone, in combination, with one another, or with silica dust, pozzolan, hydraulic 
lime, calcium hydroxide, calcium oxide, magnesium hydroxide, magnesium 
oxide, calcium sulfate hemihydrate, anhydrous calcium sulfate, as well as 
inorganic geopolymers. Using reactive resins is also possible, such as epoxy 
resins, silicone resins, polyurethane resins, etc., alone or in combination with the 
above-mentioned binders. 

An additive for optimizing the flowabihty or filling properties of the 
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mortar mixture is used as a plasticizer. 

Wetting agent: serves to wet the graphite surface and for preventing air 
inclusions. The wetting agent must not form complexes and should break down 
rapidly in the cement medium. 

Two years after solidification (storage), a wetting agent should for the 
most part no longer be detectable. 

The attached Figures 3 to 6 show the corresponding screen analyses of 
the graphites used in the four formulations, with a maximum grain size of 6 mm 
in Figure 3, 15 mm in Figure 4, 30 mm in Figure 5, and 60 mm in Figure 6. 

In the following Table 2, the grain size distributions in the different 
graphite aggregates, with the maximum grain diameters of 6, 15, 30, and 60 
mm, are listed as shown in Figures 3 to 6, 



Table 2 



Screen mesh 


Passage through the screen 


Diameter 





[mm] 


[wt-%] 


[wt.%] 


[wt.%] 


[wt.] 


60,000 


0 


0 


0 


100.0 


30,000 


0 


0 


100.0 


70.6 


15,000 


0 


100.0 


70.8 


50.0 


6000 


100.0 


63.2 


44.8 


31.6 


4000 


81.2 


51.3 


36.3 


25.7 


2000 


58.2 


36.8 


26.1 


18.4 


1000 


39.2 


24.8 


17.6 


12.4 


0.500 


27.7 


17.5 


12.4 


8.8 


0.250 


19.4 


12.2 


8.7 


6.1 


0.125 


12.5 


7.9 


5.6 


3.9 


0.00 


0.0 


0.0 


0.0 


0.0 
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As is dearly discernible from the four formulations, the recipe can 
include much less graphite when a maximum grain size of up to 60 mm is used, 
i.e., approx. 70% more llian with a maximum grain size of the gr^hite of 6 mm. 
What formulation finally is used for casting further radioactive waste, depends 
on the "bulkiness" or the dimensions of these waste products a well as the order 
of magnitude of load of the graphite/cement mortar material. The greater the 
maximum grain size of the gr^hite in the mortar recipe, the higher is the 
graphite loading of the formulation. 

A first investigation of compressive strength after a 28-day setting of 
sample produced from the four sample formulations of graphite/cement mortar 
mixtures yielded values of 42 N/mm^ to 5 1 N/mm^. The minimum compressive 
strength for solidified waste matrices of 10 N/mm^, which is required by the 
HSK [Nuclear Plant Safety Department/ and the NAGRA [National Society for 
the Disposal of Radioactive Waste], is thus clearly exceeded. The values 
measured generally meet the requirements of international standards relative to 
minimum compressive strength. The leaching data of radionuclides in 
demineralized and gypsum-saturated waste (according to ISO Standard 6961) is 
< 5 X 10"^ m/d. Measurements of moldings produced with graphite with a 
substantially higher proportion of fines than that required according to the 
invention yield compressive strengths of less than 15 N/m^. With graphite as 
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the aggregate with a maximum grain size of 200 p.m, compressive strengths of < 
10 nW were measured. 

The great advantage of the graphite/cement mortar formulations proposed 
according to the invention hes in the fact that, in addition to the embedding of 
any kmd of radioactive wastes as well as liquids that must also be disposed of, 
radioactive reactor graphite can be disposed of instead of the commonly used 
sand or gravel or other additives. Thus a higher filling ratio than is common 
with the use of sand or of mineral fillers can be used. 
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[Figure 3, left:] 

Passage through the sieve (weight %) 
[bottom: ] 
Mesh width (mm) 
SI A- A, Grind 1 
SIA-B, Grind 2 



[Figure 4, left:] 

Passage through a sieve (weight %) 
[bottom: ] 
Mesh width (mm) 



^ [Figure 5, left:] 

y Passage through a sieve (weight %) 
M= [bottom: ] 

Mesh width (mm) 
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[Figure 6, left:] 

Passage through a sieve (weight %) 
[bottom] 

Mesh width (mm) 



ABSTRACT OF THE DISCLOSURE 



A method for the disposal of radioactive materials, in which the loading 
material in a binding agent/loading material/additive mixture for the production 
of casting compound, mortar, casting resin and the like is at least partially 
substituted by the material to be eliminated. In the operation, it is essential for 
the fine firaction < 250 |im of the material to be eliminated to be less than 30% 
by weight in relation to the weight of the material to be eliminated, preferably 
less than 15% by weight. The binding agent/loading material/additive mixture 
can be used as mortar or casting compound for casting or encapsulating 
additional material to be eliminated in a receptacle or container. The binding 
agent/loading material/additive mixture is particularly suitable for the disposal 
of reactor graphite. 
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